Hydroelectricity and Other Renewable Resources

The renewable energy share of total world energy consumption is expected
to decline dightly, from 9 percent in 1999 to 8 percent in 2020, despite a projected
53-percent increase in consumption of hydroelectricity and other renewable resources.

Although fossil fuel prices reached 10-year highs in
2000, the IEO2001 reference case projection expects
energy prices over the long term to remain relatively
low, constraining the expansion of hydroelectricity and
other renewable resources over the projection period.
Worldwide, renewable energy use is expected to
increase by 53 percent between 1999 and 2020, but the
current 9-percent share of renewables in total energy
consumption is projected to decline slightly, to 8 percent
in 2020 (Figure 68). Total renewable energy use is pro-
jected to rise from 33 quadrillion Btu in 1999 to 50 qua-
drillion Btu in 2020 (see Appendix A, Table A8).

Much of the growth in renewable energy use in the
IEO2001 reference case is attributable to large-scale
hydroelectric projects in the developing world, particu-
larly in developing Asia, where China and India, as well
as other developing Asian nations such as Nepal and
Malaysia, are already building or planning to build
hydroelectric projects that exceed 1,000 megawatts.
Hydroelectricity and other renewable energy consump-
tion is expected to grow by 4.0 percent per year in devel-
oping Asia over the projection period, with particularly
strong growth projected for China (Figure 69).

Figure 68. World Consumption of Renewable
Energy, Natural Gas, and Other Energy,
1970-2020
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Sources: History: Energy Information Administration (EIA),
Office of Energy Markets and End Use, International Statistics
Database and International Energy Annual 1999, DOE/EIA-
0219(99) (Washington, DC, January 2001). Projections: EIA,
World Energy Projection System (2001).

Several large-scale hydropower projects were revived or
moved forward in 2000 in developing Asia. Construc-
tion of the 18,200-megawatt Three Gorges Dam project
in China continued despite charges of corruption that
surfaced in 2000, including a charge of embezzlement of
$1.4 million by an official who was subsequently found
guilty and sentenced to death [1]. In India, the Supreme
Court ruled that construction of the 1,450-megawatt
Sadar Sarovar hydroelectric project could continue after
being stalled by lawsuits for more than 6 years. In
Malaysia, the government announced that it was consid-
ering increasing the capacity of its Bakun hydroelectric
project from 500 megawatts to 2,500 megawatts, the
scale of the original plans for Bakun. Laos signed a
Memorandum of Understanding with Thailand for a
25-year power purchase agreement to take electricity
from the proposed 920-megawatt Nam Theun 2 project

[2].

Among the countries of the industrialized world,
wind-powered electricity is still enjoying robust growth.
Several States in the United States have adopted renew-
able portfolio standards (RPS) that should help promote
strong growth of wind power. Australia is also poised to
enact legislation that will act as an RPS, and the country
is already seeing a jump in the plans to install wind

Figure 69. Renewable Energy Consumption in
Developing Asia, 1999, 2010, and 2020
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Sources: 1999: Energy Information Administration (EIA),
International Energy Annual 1999, DOE/EIA-0219(99) (Wash-
ington, DC, January 2001). 2010 and 2020: EIA, World Energy
Projection System (2001).
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power, in excess of 1,000 megawatts [3]. Several coun-
tries in Western Europe continue strong development of
wind power, including Germany, Denmark, and Spain.
In the first 9 months of 2000 alone, 987 megawatts of
wind capacity were installed in Germany, bringing the
country’s total wind capacity to 5,432 megawatts, twice
that of the United States [4].

Renewable energy in Western Europe has been encour-
aged by a number of government policies and subsidies
aimed at increasing the penetration of alternative energy
sources. In 2000, the European Union (EU) Secretaries of
Energy announced a cooperative position on renew-
ables. By 2010, the EU expects renewable energy sources
to contribute 22 percent of all power production among
the member countries [5]. There are already policies in
place in Germany, Denmark, and the United Kingdom
to subsidize the use of renewable energy sources.

The IEO2001 projections for hydroelectricity and other
renewable energy sources include only on-grid renew-
ables. Although noncommercial fuels from plant and
animal sources are an important source of energy, par-
ticularly in the developing world, comprehensive data
on the use of noncommercial fuels are not available and,
as a result, cannot be included in the projections. More-
over, dispersed renewables (renewable energy con-
sumed on the site of its production, such as solar panels
used to heat water) are not included in the projections
because there are also few comprehensive sources of
international data on their use.

Regional Activity
North America

Hydroelectricity remains the most widely used form of
renewable energy in North America, particularly in the
United States and Canada. North America has a total of
175 million kilowatts of installed hydroelectric capacity,
compared with installed capacity of 19 million kilowatts
for other renewable energy sources (i.e., geothermal,
wind, solar, and biomass). While Canada still has sev-
eral projects planned or under construction for further
expanding its hydroelectric resource base, hydropower
generation in the United States is, overall, expected to
decline—both because most of the best sites for hydro
development have already been exploited and because
of the recent emphasis on the adverse impact that
large-scale hydroelectric facilities may have on the envi-
ronment. In Mexico, there are few plans to expand the
use of renewable energy resources beyond off-grid,
small facilities in rural areas that are far from the
national electricity grid. IEO2001 projects that North
America’s renewable energy use will increase by 1.3 per-
cent per year, from 11.1 quadrillion Btu in 1999 to 14.5
quadrillion Btu in 2020 (Figure 70).

United States

Potential sites for hydroelectric power have already
been largely established in the United States and envi-
ronmental concerns are expected to prevent the devel-
opment of any new sites in the future. The Energy
Information Administration’s Annual Energy Outlook
2001 projects that conventional hydroelectric generation
will decline from 389 billion kilowatthours in 1999 to 298
billion kilowatthours in 2020 as increasing environmen-
tal and other competing needs reduce the productivity
of generation from existing hydroelectric capacity [6].
On the other hand, growth in U.S. electricity generation
from other renewable energy sources (geothermal, bio-
mass, landfill gas, and wind) is projected over the fore-
cast horizon, from 77 billion kilowatthours in 1999 to 146
billion kilowatthours in 2020. Biomass is projected to
enjoy the largest increase among renewable energy
sources, rising by 80 percent and reaching 65.7 billion
kilowatthours in 2020.

Ten States (Arizona, Connecticut, Maine, Massachu-
setts, Nevada, New Jersey, New Mexico, Pennsylvania,
Texas, and Wisconsin) have introduced RPS programs,
as well as other requirements to construct new renew-
able-powered capacity. The RPS programs vary sub-
stantially, but all require that the State’s renewable share
of total electricity be increased by using a range of eligi-
ble renewable sources. Much of the expected growth in
renewable energy in the United States is attributed to
these programs.

Texas and New Jersey account for the largest amount of
new renewable electricity generating capacity expected
to result from RPS programs over the forecast horizon.

Figure 70. Renewable Energy Consumption in
North America, 1980-2020
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World Energy Projection System (2001).
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The Texas RPS requires that 2,000 megawatts of new
renewable energy generating capacity be constructed in
Texas by 2009, with increasing interim requirements and
individual utilities’ shares assigned in proportion to
their retail sales. The utilities may either generate the
renewable electricity themselves or purchase credits
from other generators with surplus renewable electricity
supplies. Wind and landfill gas are expected to provide
most of the renewable energy under the Texas RPS, but
the selection of possible sources of renewable energy for
the Texas plan also includes biomass, geothermal,
hydroelectricity, and solar energy technologies. Several
large wind facilities have already been announced or
contracted since the program was announced.

Under New Jersey’s RPS program, sales of renewable-
generated electricity must increase until 6.5 percent of
each of the State’s retail electricity providers’ sales are
supplied by renewables by 2012 [7]. Any electricity pro-
vider falling below the renewable requirement would be
required either to make it up in the next year or to pur-
chase credits from another electricity provider with a
surplus of renewable-generated electricity. There is also
a provision for generating units outside New Jersey to
contribute to the renewable share. Biomass and landfill
gas projects are expected to account for the largest num-
ber of new renewable projects, along with some new
wind power projects.

Although California does not have an RPS program, the
State has enacted a renewable energy mandate with a
funding requirement under California Assembly Bill
1890 (A.B. 1890). Under A.B. 1890, $162 million is to be
collected from the ratepayers of investor-owned utili-
ties. Renewable energy projects are proposed on a vol-
untary basis and bid for support on a per-kilowatthour
incentive basis. A.B. 1890 projects are expected to
include primarily wind, geothermal, and landfill gas.
Although details have not yet been made available, the
A.B. 1890 mandate was extended in August 2000 with
additional funding.

Wind power in the United States enjoyed substantial
growth in 1999, mostly because of the threatened expira-
tion of the Federal tax credit for wind production in June
1999 (which has since been extended to the end of 2001).
Between 1998 and 1999, installed wind capacity grew
from 1,890 megawatts to 2,455 megawatts, with the
greatest rate of construction occurring during the period
from July 1998 to July 1999 [8], when a record 1,014
megawatts of new wind installations came on line,
including 841 megawatts of new generating capacity
and 173 megawatts of repowering projects (where new
turbines replaced older, less efficient units, mostly in
California).

New wind power projects were constructed mainly in
the country’s Midwest. In 1999, new wind facilities were

installed in Alaska, California, Colorado, lowa, Kansas,
Maine, Minnesota, Nebraska, New Mexico, Pennsylva-
nia, Texas, Wisconsin, and Wyoming, and wind power
is now being generated in 22 States (Figure 71). In Sep-
tember 1999, the world’s largest wind farm was dedi-
cated near Storm Lake, lowa. The farm, operated and
owned by Enron Wind Corporation, is composed of 257
turbines with a combined capacity of 193 megawatts and
will generate enough electricity for 71,000 U.S. homes
[9]. In September 2000, New York completed the largest
wind project on the East Coast, the 11.5-megawatt Madi-
son County project near Hamilton [10].

Canada

Canada has also begun modest development of its wind
resources. In June, wind turbine manufacturer Vision
Quest installed the largest turbines to date and con-
nected them to the Alberta provincial grid [11]. The tur-
bines, 154 feet in diameter and 164 feet high, have a peak
capacity of 660 kilowatts. One is located near Pincher
Creek and one near Hill Spring, both in Alberta. In
December 2000, Vision Quest commissioned a 10.5-
megawatt, 16-turbine wind farm at Castle River, also in
Alberta province [12]. At present, Vision Quest has 7
wind power plants operating and 13 under construction.

In addition, the Canadian government announced that it
would invest up to $329 million between 2000 and 2005
to reduce greenhouse gas emissions, with acommitment
to purchase 20 percent of the government’s electricity
supplies from nonhydroelectric renewable resources
[13]. To that end, the government has pledged that, by
2002, half of the average 25,000 megawatts of electric
power used annually by government-owned and oper-
ated facilities in Saskatchewan will be supplied by wind.
To accomplish this, the Canadian government will con-
tribute $8.16 million over a 10-year period to Saskatche-
wan’s electric utility, SaskPower, for the purpose of
developing “green power” in the province. At present,
the government is trying to negotiate a similar arrange-
ment for Prince Edward’s Island.

Canada has plans to continue developing hydroelectric
sites, but for the most part the plans do not include
large-scale projects that often lead to contention
between developers and native populations and criti-
cisms about their potential adverse environmental
impact. Moreover, hydropower developers are trying to
work more closely with native peoples to make it easier
to begin construction on new projects. Hydro Quebec
struck an arrangement with the Grand Council of the
Crees that will allow the tribe to conduct a 3-month
study of the utility’s plan to develop one of the few
remaining large-scale projects, the 1,280-megawatt
Rupert-Eastmain Hydroelectric Project, in northern
Quebec [14]. The utility has agreed to pay the Cree
$302,800 to study the economic, commercial, and
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Figure 71. Grid-Connected Wind Power Plants in the United States as of November 2000
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environmental impacts of the proposed dam. Hydro
Quebec has additionally offered the Cree an opportunity
to invest and become co-owners in the Rupert-Eastmain
Project which would cost between $1.7 and $2.0 billion
to construct and would generate revenues between $101
and $121 million each year. The project would be built
on the Eastmain River (north of Nemaska) and would
require diverting 90 percent of the Rupert River’s flow
into a planned 240-square-mile reservoir.

Similar to the Hydro Quebec/Cree agreement, Mani-
toba Hydro and the Tataskweyak Cree Nation reached
an agreement that will give the Tataskweyak Cree par-
tial ownership in the proposed 560-megawatt Gull
Rapids hydroelectric project [15]. According to the
agreement, the Tataskweyak Cree would be able to pur-
chase up to 25 percent ownership in the $871 million
Gull Rapids Project and would receive 25 percent of all
revenues produced by the project. Gull Rapids is slated
for completion in 2008. It will be located on the Nelson
River near Split Lake. Manitoba Hydro also is consider-
ing development of the 150-megawatt Notigi and
250-megawatt Wuskwatim projects on the Burntwood
River.

Several additional hydroelectric projects are expected to
be developed in Canada. Brascan Corporation plans to
construct the 90-megawatt High Falls Power Project on

the Michipicoten River near Wawa in northern Ontario,
Canada [16]. The project will cost an estimated $50 mil-
lion to construct. No schedule for construction has been
released. The Churchill River Project in Newfoundland
Province is also being planned. Originally slated to be a
2,264-megawatt project to be jointly developed with
Quebec, plans for the project have been progressively
scaled back over the past several years [17]. The original
project had been criticized because of the impact that
diverting the Romaine River would have on the environ-
ment and aboriginal families living in the area. More-
over, Quebec and Newfoundland officials have noted
that the changing U.S. energy market made it difficult to
negotiate export prices for the power. At the end of 2000,
the government of Newfoundland announced that the
size of the project (now to be called the Lower Churchill
Power Project) had been reduced to a 1,700-megawatt
powerhouse and would not require water from Quebec
to complete. Construction on Lower Churchill will not
begin before 2004 and should take 4 years to complete.

Mexico

Renewable energy sources remain only a small part of
the energy mix in Mexico. Hydroelectricity and other
renewables accounted for only 7 percent of Mexico’s
total energy consumption in 1999 [18]. The IEO2001 ref-
erence case projects that consumption of energy from
renewable sources in Mexico will increase by 2.2 percent
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per year, from 0.4 quadrillion Btu in 1999 to 0.7 quadril-
lion Btu in 2020. Renewables are expected to lose share
of total energy consumption in Mexico, falling from 7
percent in 1999 to 6 percent by 2020, as a result of strong
growth in oil use (3.7 percent per year).

There are few official programs aimed at increasing the
amount of renewable energy used in Mexico. Concerns
about pollution and greenhouse gas emissions have
largely been addressed, so far, by introducing natu-
ral-gas-fired electricity generation. Nevertheless, wind
power developers have estimated that Mexico’s wind
resources are plentiful enough that some 3,000 to 5,000
megawatts of wind capacity could be achieved, particu-
larly in the Tehuantepec Isthmus, in the southern part of
the country [19]. By the end of 1998, however, only 3.0
megawatts of wind capacity had been installed, and no
wind capacity was added in 1999. Development of a
54-megawatt wind farm proposed in 1996 by Mexico’s
Federal Electricity Commission was postponed in 1999,
and five other projects proposed by private companies
are under negotiation. Prospects for construction appear
dim; construction was postponed for all five in 1999,
despite the fact that building permits have already been
issued for four of them.

Western Europe

With most of the hydroelectric sites in this region
already established, wind power continues to enjoy the
greatest rates of growth in Western Europe. Germany,
Denmark, and Spain have the fastest-growing markets
for wind power in the region, and Greece, France, Bel-
gium, and Italy, among others, have also had some suc-
cess in installing wind power. Total consumption of
hydroelectricity and other renewable resources in West-
ern Europe is projected to grow by 1.8 percent per year
in the IEO2001 forecast, from 5.6 quadrillion Btu in 1999
to 8.2 quadrillion Btu in 2020 (Figure 72).

Many European governments have been attempting to
increase the role of renewable energy sources through
subsidies and other incentive programs in efforts to
reduce emissions of carbon dioxide and other pollut-
ants. Most of the countries in the EU assess energy taxes
to keep consumer energy use in check. In Denmark, elec-
tric utilities are assigned carbon dioxide quotas, and
they pay a fine of 40 Danish Krone (about $5 U.S.) for
every metric ton of carbon dioxide emitted over their
quota.

Germany’s wind power program has been particularly
successful. The country has been among the world’s
leaders in installing new wind capacity over the past
several years. In the first 9 months of 2000 alone, 987

megawatts of wind capacity were installed in Germany,
bringing the country’s total wind capacity to 5,432
megawatts, more than twice the installed wind genera-
tion capacity of the United States [20].

In 1991, Germany enacted its Electricity Feed Law (EFL),
which fixes “buy-back” prices for approved renewables
at 90 percent of the average private consumer tariff. In
February 2000, the government announced passage of a
new law to replace the EFL, the Gesetz flr den Vorrang
Erneuerbarer Energien. The new law will fix tariffs for
approved renewable energy projects for a 20-year
period dating from the plant commissioning and will
apply incremental annual price cuts [21]. Initial prices
were set at 47.7 cents per kilowatthour for solar, 8.6 cents
per kilowatthour for wind, from 9.6 to 8.2 cents per
kilowatthour for biomass (depending on the amount of
electricity generated), 8.4 to 6.7 cents per kilowatthour
for geothermal, and 7.2 to 6.3 cents per kilowatthour for
hydropower, waste, and sewage gas.

The German price scheme requires that solar energy
prices be reduced by 5 percent per year from the current
level of 47.7 cents per kilowatthour. Biomass prices will
fall by 1 percent per year beginning in 2002. As for wind,
after the first 5 years of operation, German wind tariffs
will drop to 5.8 cents per kilowatthour for turbines that
have generated 150 percent more power than a defined
“standard turbine” limit [22].17 For those turbines that
do not attain the 150 percent limit, the maximum pay-
ment is to be extended by 2 months for every 0.75 per-
centage points for which production is below the limit.

Figure 72. Renewable Energy Consumption in
Western Europe, 1999, 2010, and 2020
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Sources: 1999: Energy Information Administration (EIA),
International Energy Annual 1999, DOE/EIA-0219(99) (Wash-
ington, DC, January 2001). 2010 and 2020: EIA, World Energy
Projection System (2001).

17The defined “standard turbine” or “reference turbine” is actually a series of turbine types operating at an average wind speed of 5.5
meters per second at 30 meters height with logarithmic height profile and a roughness length of 0.1 meters in specific conditions averaged
over a period of 5 years using an internationally recognized and EU-approved power curve model.
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For offshore wind plants that are more than 3 miles from
land and come on line by 2006, a 9-year tariff of 8.6 cents
per kilowatthour will be applied.

Spain has made remarkable gains in wind energy over
the past several years. Installed wind capacity has
grown from 73 megawatts in 1994 to 1,539 megawatts in
1999 [23]. In 1999, Spain was third after Germany and
the United States in new installed capacity, adding 705
megawatts (Germany added 1,568 megawatts, the
United States 841 megawatts). Moreover, there are
already plans to install another 10,800 megawatts of
wind capacity between 2000 and 2012.

To encourage the penetration of renewable energy
sources, the Spanish government enacted Royal Law
2818 in December 1998, establishing a pricing regime for
renewable energy plants that are connected to the
national grid [24]. The regime allows producers to
choose either a fixed price per kilowatthour generated or
a variable price calculated from the average price of the
market pool, plus a bonus for every kilowatthour pro-
duced. The Spanish Ministry of Energy and Industry is
to update the prices every year according to the annual
variation in electricity market prices. Renewable energy
sources allowed under this program are small hydro-
electric, wind, geothermal, wave, and primary and sec-
ondary biomass.!® In 2000, fixed prices ranged from 5.1
to 5.5 cents per kilowatthour, and bonuses ranged from
2.2 to 2.6 cents per kilowatthour according to energy
type (Table 19).

Greece made substantial additions to its wind capacity
in 1999. The country more than doubled total installed
capacity, adding 67.5 megawatts at nine wind projects
and bringing the total installed wind capacity operating
in Greece to 107 megawatts at the end of 1999 [25].
Greece’s Ministry for Development has set a target of
350 megawatts of installed wind capacity by 2005. To
achieve that aim, two government programs have been
established to encourage wind installation. The Law for
the Economic Development (Law 2601/98) affords wind
projects a 40-percent subsidy for the cost of installation.
The Operational Program for Energy-Renewables with-
in the Community Support Framework also offered sub-
sidies for renewable energy projects installed between
1994 and 1999.

Wind projects made some inroads in several other West-
ern European countries in the past year. In Belgium,
state utility Electrabel announced that it had signed a
contract for the construction of a 100-megawatt offshore
wind plant. Construction on the project, which will be
the largest of its kind in Europe, is expected to begin as
soon as an environmental assessment is completed. It is

scheduled for completion by 2004 [26]. A second phase
of the project aims to increase the total installed capacity
to 400 megawvatts.

Installation of one of the world’s largest wind farms was
completed in Italy in June 2000. The 170-megawatt pro-
ject is located in the southern part of the country, in
Campania and Puglia, near Naples. Japan’s Tomen Cor-
poration installed the wind farm at a cost of about $260
million. Electricity generated at the project will be sold
to Italy’s state-owned utility, Enel SpA [27].

There are some efforts to improve the development of
wind power in France. In 1996, France’s Electricite de
France announced plans to implement a program to
increase the amount of wind-generated electricity in the
country [28]. The purpose of the EOLE 2005 wind pro-
gram is to install between 250 and 500 megawatts of
wind capacity by 2005. In October 1999, Electricite de
France stated that 21 wind projects had been selected for
development under the program, totaling some 200
megawatts of capacity, and another 5 projects (repre-
senting 70 megawatts of wind capacity) were under con-
sideration [29].

In 2000, the United Kingdom ended the country’s
Non-Fossil Fuel Obligation (NFFO) tax that had been
used in the past to subsidize nuclear generation (mostly)
and renewable energy projects. The NFFO is to be
replaced by the Renewable Energy Obligation (REO)
[30]. The UK government announced that it had set a tar-
get to provide 10 percent of the country’s electricity sup-
ply with renewable energy sources by 2010. The UK
Department of Trade and Industry expects that nearly

Table 19. Price Values Under Two Incentive
Programs for Renewable Energy
Sources in Spain
(1999 Cents per Kilowatthour)

Bonus Added

Renewable Energy to the
Source Base Price Fixed Price
Small Hydropower . . . 2.47 5.37
Wind Plants. . . . . . . 2.47 5.37
Geothermal . . . . . .. 2.56 5.46
Wave . . . . ... ... 2.56 5.46
Primary Biomass®. . . . 2.37 5.28
Secondary Biomass? . . 2.20 5.10

aPrimary biomass is defined as agricultural crops grown spe-
cifically for use in biomass energy production. Secondary bio-
mass is defined as agricultural and forest residues.

Source: International Energy Agency and the National
Renewable Energy Laboratory, IEA Wind Annual Report 1999
(Golden, CO, May 2000), p. 131.

18primary biomass is defined as agricultural crops grown specifically for use in biomass energy production. Secondary biomass is

defined as agricultural and forest residues.
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one-half of the anticipated target will be met with wind
power. The REO is scheduled to begin in October 2001
and will not expire until 2025 [31]. The program requires
all licensed electricity suppliers to provide a specific
proportion of their electricity supplies using renewable
energy. Any additional costs incurred by the supplier
that are associated with procuring the renewable energy
source may be passed on to the consumer, but a
“buyout” price has been established should the cost of
generating electricity from renewable energy sources
prove prohibitive.

The wind industry has had a difficult time in the United
Kingdom. While the NFFO (and its related obligationsin
Scotland and Ireland) have contracted wind energy pro-
jects totaling some 2,676 megawatts between 1990 and
1999, only 344 megawatts of capacity were actually built
and are operating [32]. Only 19 megawatts of new wind
capacity were commissioned in 1999. The disappointing
rate of completion is a result of problems with obtaining
planning consent. Almost all the wind power projects
submitted for planning approval in 1998 failed to secure
it. Several projects did receive approval in 2000, includ-
ing 4 megawatts in Hare Hill, County Durham, and 2
megawatts off the coast of Northumberland in the North
Sea—the United Kingdom'’s first offshore wind farm
[33]. Further, construction was completed on the 6.5-
megawatt Lambrigg Wind Farm in Cumbria, England,
the largest wind farm constructed in England since 1993
[34]. Construction also began in June 2000 on the first
large wind turbine ever to be built in Ireland. The tur-
bine is to be located in Dungannon District; no schedule
for completion has been released [35].

Industrialized Asia

The countries of industrialized Asia (Australia, Japan,
and New Zealand) have markedly different electricity
energy mixes. Japan is the only one of the three countries
with a nuclear generation program, supplying one-third
of its electricity from nuclear power plants. Hydroelec-
tricity and other renewable energy sources supply only
12 percent of the country’s electricity. Renewables also
account for about 10 percent of Australia’s electricity
supply, and thermal generation (predominantly coal)
accounts for nearly 90 percent. In contrast, renewable
energy sources provide 73 percent of New Zealand’s
electricity supply.

The IEO2001 reference case projects that hydroelectric-
ity and other renewable sources in Japan will grow by
1.5 percent per year between 1999 and 2020 (Figure 73).
In 2000, the Japanese Ministry of International Trade
and Industry (MITI) announced plans to encourage the
development of renewable resources, proposing a
“Green Credit System” under which the government
would issue certificates to domestic electricity produc-
ers corresponding to the amount of natural energy or

recyclable energy they generate [36]. Electricity retail
companies either would be required to buy directly a
specified amount of qualifying renewable-generated
electricity or would have to purchase certificates. The
certificates would also be tradable between electricity
companies under the new system. Ultimately, the cost of
purchasing the certificates would be passed on to con-
sumers. Plans are to introduce the scheme by mid-2001.

In 1999, Japan added 43.4 megawatts of wind capacity,
increasing its total installed wind capacity by almost 40
percent to 75.1 megawatts [37]. Japan has set a national
wind energy target to install 300 megawatts of wind
capacity by 2010. Many of the existing wind turbines are
located around the coast of Hokkaido, Japan’s most
northerly island, including the country’s largest wind
farm at Tomamae, with 20 megawatts of installed capac-
ity [38]. The development of the Hokkaido wind poten-
tial was encouraged by the 1998 decision of Hokkaido
Electric Power to pay preferential prices for wind-
generated electricity of 2 yen per kilowatthour over the
regular price paid for thermal-generated electricity [39].

Japan’s Marubeni Corporation announced plans to con-
struct a 26-megawatt wind generation facility in
Kagoshima Prefecture, with 13 megawatts each installed
in Nejime and Sata, the southernmost towns of the
southern Japanese island, Kyushu. The project is esti-
mated to be completed in 2002 and will become Japan’s
largest wind power project [40]. Marubeni plans to ask
the New Energy and Industrial Technology Develop-
ment Organization (which is an affiliate of MITI) to sub-
sidize the project.

Figure 73. Renewable Energy Consumption in
Industrialized Asia, 1999, 2010, and 2020
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ington, DC, January 2001). 2010 and 2020: EIA, World Energy
Projection System (2001).
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Australia has also been slow to develop nonhydro-
electric renewable energy sources. At the end of 1999,
the country had installed only 10 megawatts of wind
capacity [41]. In 1999, however, the government estab-
lished a Ministerial Council on Greenhouse Gas Abate-
ment which, in turn, set a mandatory target for
electricity retailers and large purchasers to acquire 2 per-
cent of their electricity from renewable energy sources
by 2010. The Council expects the legislation to be
enacted in 2001 and, because of the rich wind resources
available in Australia, to spur growth in the Australian
wind industry. There are indications that the wind
industry is already responding to the potential legisla-
tion, with more than 500 megawatts of wind power
either being planned or under construction in Australia
at the end of 2000 [42].

Several wind projects commenced in Australia in 1999,
and wind farms are being developed in Queensland,
New South Wales, Tasmania, and Western Australia.
The 10-megawatt wind project at Blayney in the central
part of the state—the largest in New South Wales—
went into operation in October 2000 [43]. In Western
Australia, the government announced plans to construct
a 22-megawatt, $45 million wind farm in Albany, near
the southwest coast [44]. It is scheduled to be completed
in July 2001 and will be the largest wind plant in opera-
tion in Australia. The government estimates that the
project will be able to provide 75 percent of the electric
power needed in Albany. Construction of an 18.2-
megawatt wind farm at Codrington in southwest Victo-
ria is to be completed before the end of 2001. Pacific
Hydro has already reached an agreement to sell the
power from the project to electricity retailer Powercor
and has made plans to develop a similar project in the
same region within the next 5 years [45]. Hydro Tasma-
nia plans to construct the 130-megawatt Woolnorth
wind farm in Tasmania [46].

In New Zealand there are few plans to expand the use of
renewable resources. The country already relies on
hydroelectric power for more than 60 percent of its elec-
tricity generation and is concerned about diversifying its
electricity fuel mix, because a year of low rainfall could
lead to electricity shortages. As a result, most additional
generating capacity is expected to be fired by natural gas
rather than renewable energy sources. There are only
modest proposals to increase the hydroelectric capacity
of the country. New Zealand’s TrustPower Company
has proposed a 62-megawatt hydroelectric project at
Dobson, near Greymouth [47]. If constructed, it would
be the first of its type ever built by the private sector and
the first major hydroelectric project started since the
Clyde Dam in 1984.

Eastern Europe and the Former Soviet Union

Development of new hydroelectricity and other forms of
renewable energy resources is expected to remain fairly
low throughout the projection period in Eastern Europe
and the former Soviet Union (EE/FSU). Most of the
growth is expected to be in expansion and renovation of
existing hydroelectric facilities that need repair after dif-
ficult economic years. In the countries of the FSU, the
economy has only in the past 2 years shown signs of sus-
tained recovery from the collapse of the Soviet Union in
the early 1990s. Although the FSU economies are
expected to recover over the projection period, it is
expected that natural gas, a cheap and plentiful resource
in Russia and several other FSU republics, will mainly be
used to meet additional energy demand in the future,
rather than renewables. Renewable energy use in the
EE/FSU region is projected to grow by 2.1 percent per
year between 1999 and 2020 in the IEO2001 reference
case, from 3.0 to 4.5 quadrillion Btu (Figure 74).

In Eastern Europe, the economies have recovered much
more quickly than those of the FSU; as a result, the pros-
pects for development of hydroelectricity and other
renewables are much more optimistic in the IEO2001 ref-
erence case forecast. Renewable energy consumption in
Eastern Europe is expected to grow by 5.0 percent per
year over the next two decades. As in the FSU republics,
much of the growth in energy demand is projected to be
met by additional natural gas use, but there are also

Figure 74. Renewable Energy Consumption in
Eastern Europe and the Former Soviet
Union, 1980-2020
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opportunities for expanding hydroelectricity in several
Eastern European countries, including Bosnia, Slovenia,
and Macedonia, where undeveloped potential sites still
exist.

In Russia, the FSU’s largest economy and electricity con-
sumer, hydroelectricity accounts for about 43,000 mega-
watts of the country’s total installed capacity or about 20
percent of the total [48]. Almost three-fourths of Russia’s
hydroelectric capacity is represented by 11 power sta-
tions with more than 1,000 megawatts of capacity,
including the 6,400-megawatt Sayano Shushenskoye
facility in Khakassia, the 6,000-megawatt Krasnoyarsk
facility in Krasnoyarsk province, and the 4,500-mega-
watt Batsk project in Irkutsk province—three of the four
largest power generating facilities in Russia.

Only a few small nonhydroelectric renewable projects
have been developed or are planned in Russia. A
single 11-megawatt geothermal plant operates in
Pauzhetskaya in the Kamchatka region, and there are
plans to expand it by 7 megawatts before 2010.
Kamchatka has rich geothermal resources, and an esti-
mated 380 to 550 megawatts of potential geothermal
capacity could be exploited. A second 80-megawatt geo-
thermal plant is currently under construction in
Kamchatka (at Mutnovsk), and the European Bank of
Reconstruction and Development (EBRD) has agreed to
provide $100 million for the first stage of construction on
the project. Total costs are estimated to reach $500 mil-
lion for the power plant and $120 million for the
pipeline.

Hydroelectricity makes up more than 80 percent of
Georgia’s electricity generation. The country has not
yet fully exploited its hydroelectric resources and has
an estimated 100 billion kilowatts of potential hydro-
electric capacity [49]. An Austrian-Georgian coalition of
Strabag, Verbundplan GmbH, ABB Kraftwerke AG, and
Lameyer International GmbH plans to invest up to $500
million over the next several years for hydroelectric pro-
jects. The 250-megawatt Namakhvani and the 100-
megawatt Zhoneti projects are planned for construction
on the Rioni River, and the 40-megawatt Minadze sta-
tion is to be constructed on the Kura River. The EBRD
also has approved a $39 million loan to refurbish the
Inguri Hydroelectric dam, the largest in the country.

In Azerbaijan, several hydroelectric rehabilitation pro-
jects are in progress. When completed, these projects
should result in an additional 671 megawatts of electric-
ity capacity. The 360-megawatt Mingechaur hydroelec-
tric project on the Kura River is estimated to cost $41
million and is scheduled for completion in 2001. The
EBRD loaned the country $21 million to finance the
replacement of generators at the plant, as well as
to install environmental controls. The Islamic Develop-
ment Bank and the European Union’s Tacis City

Twinning program are cosponsoring the effort [50].
Plans are also being discussed by state power company
Axerenerji for a $42.5 million development of small
hydroelectric stations in the autonomous Nakhichevan
region [51]. The most promising scheme involves con-
struction of a 23.1 megawatt capacity four-station cas-
cade on the Gilan river.

Other proposed projects include a $9.8 million,
4.5-megawatt hydropower station on the Vaykhyr river
and an $85 million, 31.5-megawatt plant on the Ordubad
River [52]. The Islamic Development Bank has expressed
interest in assisting with the projects. Azerbaijan had
considered potential wind power development for
Nakhichevan, but initial studies showed that every
wind-generated kilowatthour would cost twice as much
as a hydro-generated kilowatthour.

In July 2000, Austria’s Small Hydropower Tyrol and
Bosnia’s Inotrade Sarajevo reached an agreement with
the government of Bosnia for a 20-year design, build,
operate, and transfer (DBOT) agreement with the
Srednjobosanski canton authorities (in central Bosnia)
and a purchase power agreement with electric power
utility Elektroprivreda Bosne i Hercegovine [53]. The
consortium plans to invest $6.03 million to construct
four hydroelectric projects in central Bosnia. This marks
the first 